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THE EFFECT OF ULTRAVIOLET RADIATION ON EXPERIMENTAL
CUTANEOUS SENSITIZATION IN GUINEAPIGS*
JULIUS HANISZKO, M.D. AND RAYMOND R. STJSKIND, M.D.
Physical agents as well as chemical substances
are known to be causative or contributory factors
in a number of skin diseases. Although our knowl-
edge of effects of these stimuli has increased to
some extent in the past few years, basic mecha-
nisms of action in many instances remain obscure.
Since environmental agents rarely, if ever, act
upon the human skin in isolated fashion, the
problem of determining the mechanism of the
pathologic process is considerably enhanced by
the multiplicity of etiologic factors.
The clinical study of two hospitalized patients,
with light sensitivity reactions resembling acute
contact dermatitis, aroused our curiosity about
the effect of repeated ultraviolet exposures on
allergic sensitization reactions of the delayed
type. Previous experiments by Rebello and Sus-
kind (1) indicated that U.V.L. might depress
skin reactions to at least one experimental sensi-
tizer (DNCB). A pilot study demonstrated that
threshold erythema dose exposures of ultraviolet
light consistently altered allergic eczematous
reactions in guinea-pigs, particularly from a
source which emitted radiation of wave lengths
3100 A and shorter, whereas at least one radiation
source with a peak at 3657 A, did not seem to in-
fluence sensitization reactions. The alterations
were demonstrated in the intensity and duration
of reactions when ultraviolet-exposed areas were
compared to non-irradiated ones. The pilot study
was followed by the series of experiments de-
scribed below.
METHOD
,Subjects and irradiation schedule: The experi-
mental animals were white albino guinea-pigs
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weighing about 350—450 gm, which were kept in
individual cages in a semi-dark room. The experi-
mental groups were comprised of ten animals
each. (Group 3 finished with nine animals and the
two control groups—B and C—contained eight in
each.) Five of these groups were exposed to ultra-
violet radiation while the three control groups
were not. In order to determine the possible rela-
tionship between the reaction to sensitization and
the time of exposure, the groups were irradiated
in the following order with respect to the adminis-
tration of the sensitizer:
Group 1. Two weeks before
Group 2. One week before and one week after
Group 3. At the time of
Group 4. One week after
Group 5. Two weeks after
application of the sensitization dose of2,4dinitro-
chlorobenzene (DNCB):
Group A. Not irradiated. Control group to Groups
1, 2, 5
Group B. Not irradiated. Control group to Group 3
Group C. Not irradiated. Control group to
Group 4.
,Sensitization procedure: Sensitization was pro-
duced by a single topical application of 0.1 ml of a
30% solution of 2,4 dinitrochlorobenzene (DNCB)
in acetone, on a shaved area of the animal belly.
irradiation procedure: Following the removal of
fur from the back and flank by an electric clipper,
the right side of each animal was exposed to
radiation from a Burdick QA-250N ultraviolet
lamp through a cardboard mask with a port of
1.5 x 4.5 inches. The mask protected the ears, feet,
back and left side of the animal. This lamp emits
radiation with peak levels between 2900 A and
3100 A. The left side, which was not irradiated,
served as the control area of the test animal.
U.V.L. was administered 6 days per week for 2
weeks for a total of 12 exposures. Exposure con-
ditions were identical in all of the test groups.
The distance of 6/ inches and exposure time of
three minutes were employed because radiation
under these conditions resulted in a barely visible
erythema which lasted throughout the day of
exposure, followed by slight scaling. If the ani-
mals were exposed for a longer period, the in-
tensity of the reaction interfered with observation
of the response to challenge. Burns also resulted
on some occasions in animals exposed to U.V.L.
for longer than 3 minutes. Since the size of animals
appeared to influence the erythematous response
following TJ.V.L. exposures, at least to some ex-
tent, we used animals of approximately uniform
age and weight throughout the experiment (8—12
weeks of age at 350—450 gm.). Both the irradiated
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and non-irradiated sides appeared normal at the
time of challenge. Both sides of the animals were
shaved every other day.
Eliciting procedure: In groups 1 and 2, the ani-
mals were challenged two weeks after the sen-
sitization dose. In the case of groups 3, 4 and 5,
the animals were challenged 24 hours after the
final U.V.L. exposure. The eliciting doses con-
sisted of the application of 0.1 ml DNCB in three
concentrations, 0.5%, 0.25%, 0.1%, in olive oil,
to each side of the animal. Readings were made
daily for at least 72 hours or for as long as reactions
lasted.
Scoring criteria: The skin reactions observed
following the challenging applications were scored
on a numerical basis as follows: intense erythema,
3; moderate erythema, 2; mild erythema, 1; no
visible reaction, 0.
The criteria for establishing differences in
reactivity between the non-irradiated and the
irradiated sides included comparisons in:
1) Intensity of the reactions between the two
sides at the same concentration level. This was
reflected in the sum of the scores of the radiated
and non-irradi 'ed sides at each dose level.
2) Persistenc of the reaction at a given con-
centration level.
Statistical analysis: The significance of the
differences between the irradiated and non-
irradiated sides was determined by an analysis of
variance.
RESULTS
Group 1. The animals in this group received
their radiation beginning two weeks before the
sensitizing dose of DNCB. Two weeks following
this application, they were challenged. Results
are recorded in Table 1.
Almost without exception there were less in-
tense responses on the previously irradiated
sides as compared to the non-exposed sides. The
difference in intensity was noted particularly at
the lowest eliciting dose, so that at 24 hours reac-
tions to 0.1% DNCB were completely undetecta-
ble in 7 of the 10 animals on the previously irradi-
ated side while there were reactions in 7 animals
on the non-exposed side at this level. This differ-
ence became even more notable within 48 hours,
at which time 2 mild reactions to 0.1% DNCB
were observed on the irradiated side and eight
reactions observed on the non-irradiated side.
Differences in total number of reactions as well as
intensity of responses were observed at the 0.25%
and 0.5% levels on the second day. Similarly, 72
hours after challenge the erythema response sub-
sided completely, even to the highest concentra-
tion, in half the animals on the previously irradi-
TABLE 1
Reactions of guinea-pigs to challenging doses of
DNCB. Group 1. Irradiated 2 weeks
before sensitization
(10 animals)
Irradiated
Not irradi-
ated
12 10/10 5 4/10 2 2/10
20 10/10 16 10/10 11 8/10
TABLE 2
Reactions of guinea-pigs to challenging doses of
DNGB. Group 2. Irradiated 1 week before
and I week after sensitization
(10 animals)
Irradiated
Not irradi-
ated
0.5%
—2
oHZ
20 10/10
23 10/10
0.25%
HZ
12 9/10
15 10/10
0.1%
—2oHZ
4 3/10
9 7/10
' .0
24
48
72
Side of
Animal
Irradiated
Not irradi-
ated
Irradiated
Not irradi-
ated
5 5/10
10 10/10
2 2/10
7 7/10
0
6
0/10
6/10
0.5%
—2 02oHZ
22 10/ic
28 10/10
Side of
Animal
Irradiated
Not irradi-
ated
0.25% 0.1%
— .0'.' _2 08 2 02o '. 0H Z H Z
10 8/10 3 3/10
20 10/10 10 9/10
.0Cup
24
48
72
14 10/10 10 9/10
20 10/10 19 10/10
2 2/10
17 10/10
Irradiated
Not irradi-
ated
4 4/10 2
12 10/10 10
2/10
8/10
0
9
0/10
7/10
ated sides, whereas it persisted for as long as 5
days on the non-irradiated sides.
Group 2. The animals in this group were ir-
radiated one week before the sensitizing applica-
tion of DNCB and one week following it. Two
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weeks after the sensitization dose, the group was TABLE 5
challenged. The results are recorded in Table 2. Reactions of guinea-pigs to challenging doses of
The differences in response to challenge are corn- DNCB. Group 5. Irradiated 2 weeks
after sensitization
TABLE 3 (10 animals
Reactions of guinea-pigs to challenging doses of
— ________________________ ___________________
0.5% 0.25% 0.1%DNCB. Group 3. Irradiated at the time
________ ________ _________
of sensitization Sideof 0 0 3(9 animals) Animal 3 0 . 0 . 00 0 00 0 00
__________________ _________ _________ _________
<Si V it V Vi:; Vfl O OQ CO CCV
— .00 — .0 — .00a 3CC0.5% 0.25% 0.1% 3E
________ ____ H HZ HZ HZ
Co Sideof 0 0 0
° Animal o o o 0 24 Irradiated 16 10/10 6 6/10 0 0/10
Not irradi- 28 10/10 17 10/10 9 8/10
.00 .0CC — .00a 33 33 3$00 0 0 area
H H Z H Z HZ
24 Irradiated 15 9/9 5 4/9 0 0/9 48 Irradiated 14 10/10 5 4/10 1 1/10Not irradi- 19 10/10 16 10/10 13 10/10Not irradi- 20 9/9 8 6/9 2 1/9 ated
ated
72 Irradiated 4 4/10 2 2/10 1 1/1048 Irradiated 11 8/9 4 4/9 3 3/9 Not irradi- 13 10/10 12 9/10 11 8/10Not irradi- 19 9/9 10 8/9 9 7/9 ated
ated
72 Irradiated 5 5/9 1 1/9 1 1/9
Not irradi- 12 8/9 7 5/9 6 I 4/9 TABLE 6
ated Reactions of guinea-pigs to challenging doses of
___________
_______ DNCB. Group A. Not irradiated but
sensitized. Served as control to
TABLE 4 groups 1, 2 and 5
Reactions of guinea-pigs to challenging doses of
________
(10 animals)
DNCB. Group 4. Irradiated I week after 0.25% 0.1%
sensitization
____________Hours i(10 animals) after Side of Num- Num- Num-
Chal- Animal
I lenge Total Total b:i Total b:I0.5% 0.25% 0.1% scores reac- scores reac- scores reac-
tions tions tions
.o Sideof 0 ..o 3 000 0 00 001° Animal 0 0 3 0 24 Right 29 10/10 19 10/10 13 9/10h sCSi:
.0 .0 - .0 Left 29 10/10 19 10/10 15 10/1030
H
___ 48 Right 20 10/10 16 10/10 12 9/10
24 Irradiated 19 10/10 6 5/10 2 2/10 Left 20 10/10 16 10/10 15 10/10
Not irradi- 32 10/10 16 10/10 12 8/10
ated 72 Right 11 10/10 7 7/10 4 4/10
Left 11 10/10 7 7/10 5 5/10
48 Irradiated 12 8/8* 5 4/8 2 1/8
Not irradi- 24 8/8 14 8/8 11 8/8
ated parable to those observed in group 1, and a com-
parison of clinical responses is seen in Fig. 1. In
72 Irradiated 6 6/8 4 4/8 3 3/8 seven out of ten instances, there were no reactions
Not irradi- 12 8/8 8 8/8 8 8/8
ated to 0.1% concentration on the irradiated sides at
___________
—
24 hours, whereas there were 9 reactions on the
* Two of the animals sacrificed for biopsy non-irradiated side. By the third day, the reac-
purposes. tions to 0.1% DNCB had subsided in all of the
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TABLE 7
Reactions of guinea-pigs to challenging doses of
DNCB. Group B. Not radiated but sensitized.
Served as control to group 3
(8 animals)
TABLE 8
Reactions of guinea-pigs to challenging doses of
DNCB. Group C. Not radiated but sensitized.
Served as control to group 4
(8 animals)
0.5%
animals on the irradiated side but persisted in 7
of the 10 animals on the non-irradiated side. The
latter did not subside until the fifth day.
Group 3. Irradiation of group 3 was begun on
the day the sensitizing dose of DNCB was ad-
ministered and the animals were challenged two
weeks later, 24 hours after the last T5.V.L. ex-
posure. The results are recorded in Table 3. There
were not only diminished reactions to lower
concentrations on the exposed sides in this
group, but a less than usual response on non-
exposed sides. This observation was supported
by the examination of average ranks according to
the side of the animals, as shown in the statistical
analysis below. After 24 hours there were no
reactions to 0.1% concentrations on exposed sides
at all and only 2 reactions on the unexposed side.
There were only 4 weak erythematous reactions to
0.1% 0.25% concentration on exposed sides, as com-
Num- pared to 6 responses on the non-exposed sides. At
bof 48 hours, the difference at the 0.25% level, as
tions well as the 0.1% level, was even greater. There
were 4 reactions on the exposed side as compared
4/8 with 8 reactions on the unexposed side at the
4/8 0.25% level. There were 3 reactions on the ex-
3/8 posed side as compared with 7 reactions on the
5/8 unexposed side at the 0.1 % level. Once again,the reactions disappeared at a faster rate on the
2/8 exposed sides.
2/8 Group 4. The ultraviolet was started one week
after the sensitization dose and continued for two
weeks. On the day following the last irradiation,
the animals were challenged. The results are re-
corded in Table 4. In this group, there were no
reactions to the 0.25% concentration in half of
the animals on the exposed sides after 24 hours,
while there were reactions in all of the 10 animals
on the non-irradiated side. There were weak reac-0. 0 tions to 0.1% concentration in only 2 on the
N- irradiated side as compared to 8 on the non-
exposed side. At 48 hours, the differences in total
tions score and number of reactions between the ex-
posed and unexposed sides were striking (see
7/8 Table 4).
8/8 Group 5. Two weeks following the application
8/8 of the sensitizing dose of DNCB, the U.V.L.
8/8 radiation was started, continued for two weeks,
and one day following the last irradiation the
8/8 eliciting doses were applied. The results are re-
8/8 corded in Table 5. At 24 hours, marked differ-
ences in intensity were observed in the 10 ani-
mals reacting to 0.5% DNCB. By the third day,
all the reactions were still present on the unex-
posed side; 4 mild reactions remained on the
exposed side. The most obvious differences be-
tween the exposed and the unexposed sides oc-
curred at the 0.25% and 0.1% levels in all three
observation periods. The reactions on the ex-
posed sides were obviously less intense than on
the non-irradiated sides at the 0.5% level, with
complete inhibition of reactions to 0.1% con-
centrations and in about half of the animals, at
the 0.25% level. This difference in intensity of
reactions is seen in Fig. 2.
0.5% 0.25%
Hours
after
Chal-
leisge
24
48
72
Total
scores
Side of
Animal
Right
Left
Right
Left
Right
Left
Total
scores
11
11
7
8
Num-
ber of
reac-
tions
7/8
7/8
5/8
6/8
Total
scores
19
19
16
16
10
10
Num-
ber of
reac-
tions
8/8
8/8
8/8
8/8
8/8
8/8
5
5
4
6
3
3
4 3/8
4 3/8
Hours
after
Chal-
lenge
24
48
72
Num-
ber of
reac-
tions
8/8
8/8
Total
scores
14
13
Side of
Animal
Right
Left
Right
Left
Right
Left
Total
scores
22
22
21
21
14
14
Num-
ber of
reac-
tions
7/8
8/8
8/8
8/8
8/8
8/8
Total
scores
12
13
12
12
9
8
8/8 14
8/8 13
8/8
8/8
9
8
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FIG. 1. Right side of animal was exposed to U.V.L. one week before and one week after the sensitizing
application of DNCB and challenged two weeks after the sensitization dose. A. Reactions after chal-
lenge on side exposed to U.V.L. B. Reactions after challenge on side not irradiated.
Groups A, B, C. The animals in the control
groups were sensitized in the same manner as
those of groups 1—5. They were kept under the
same conditions, but not irradiated. Following the
eliciting procedure, the reactions observed were
quite uniform on both sides of the animals. All of
them showed mild but definite erythematous
reaction to the 0.1% concentration. The scores are
recorded in Tables 6, 7 and 8.
Microscopic changes. Microscopic examination
of the reactions to DNCB revealed inflammatory
changes in which the dermis was chiefly involved.
This included mild to marked cellular infiltrate
made up chiefly of round cells and some poly-
morphonuclear cells, vascular dilatation, and
some dermal edema. These varied in degree de-
pending upon the intensity of the response at a
particular site.
The difference between the reactions on the
irradiated sides and non-irradiated sides appeared
to be a matter of degree. The intensity of the
cellular infiltrate and vascular dilatation on the
irradiated sides was less than on the non-irradi-
ated sides. There were no consistent significant
differences in the epidermis between the two
groups. With the threshold erythema exposure,
little or no thickening of the stratum corneum was
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Fie. 2. Right side of this animal was exposed to U.V.L. two weeks after the sensitizing application of
DNCB. U.V.L. continued for two weeks and 24 hours following last radiation, challenged with DNCB.
A. Reactions after challenge on side exposed to U.V.L. B. Reactions after challenge on side
not irradiated.
ohserved. Typical reactions at non-irradiated and
irradiated sites are shown in Figs. 3 and 4.
Response to different light sources. Some energy
sources which produce rays longer than 3100 A
did not appear to influence the type of allergic
cutaneous reactions employed in this study. This
was demonstrated when experiments similar to
those described in this report were conducted
employing a "black light" source (peak emission
3657 A) at a distance of half of an inch for six
minutes per day. In another experiment an infra
red source was used at nine inches for forty-five
seconds per day. No reactions were observed to
the "black light" source, while the infra red
caused an erythematous response immediately
after the radiation had been completed but which
subsided within a few hours. The groups irradi-
ated by these two sources of light and sensitized
at different times with respect to the radiation,
did not show any deviation from the non-exposed
control groups no matter how the exposures were
related to the schedule of sensitization.
STATISTIcAL ANALY5I5*
There were six different groups of animals,
which differed according to when U.V.L. radia-
tion was administered in relation to the sensitiza-
tion procedure, denoted by the following: (R =
Radiated and S = Sensitization)
C control (consisted of 3 control groups
not irradiated)
1 R two weeks before S
2 R one week before and one week after S3 R attimeofS
4 R one week after S
5 R two weeks after S
* The statistical analysis of the tabulated
scores was carried out by Dr. T. Sterling and Dr.
J. S. Rustagi of the Department of Preventive
Medicine and Industrial Health, University of
Cincinnati, as follows:
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Fxo. 3. Biopsies of area challenged with 0.25% DNCB, side exposed to U.V.L. Radiation started at
time of sensitizing dose. Score 0.
There were two sides (s), the right side was
irradiated and the left was not irradiated. There
were three challenging concentrations of DNCB
(t) and the results were noted for three consecu-
tive days (d). The data is in the form of ranks (or
scores) 0, 1, 2, 3, which denote the degree of
erythema: 0 denoting no erythema, 1 denoting
(±) and so on in the increasing order as de-
scribed under "Method" above. This resembles a
factorial design of order 6 x 3 x 3 x 2 with
unequal number of replications. Practical con-
siderations permit us to consider the following
additive model for using the analysis of variance
technic for this data:
= p + g + 8 + 1 + d1 + (gs)ij + fijhi,,,
The only interaction assumed here is between
groups and sides and all other interactions are as-
sumed zero. All other assumptions are made which
are necessary for a model of this kind. As is well
known, the ranked data stabilizes the variance
nd hence the model is quite appropriate for the
Analysis of Variance tests. Note that the degrees
of freedom for error (which gives an unbiased
estimate of the variance) is 1217 if all the inter-
actions of interest are assumed to be of interest in
an additive model of the above kind. This number
is increased to 1310 in the case of the above model.
The actual value of sums of squares does not
seem to make much difference in the estimate of
the variance, as is shown in the following:
D toue
De-
grees of Sums of
Free- Squaresdom
Mean
Square F
Groups
Sides
Treatments
Days
Groups X Sides
Error
Total
5
1
2
2
5
1310
1325
63.05
261.98
14368
189.34
99.91
335.48
1093.44
12.61
261.98
71.84
94.67
19.98
0.256
49.3
1023.4
280.6
369.8
78.0
•'- '-,?k
'a
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FIG. 4. Same animal as Fig. 3, side not irradiated. Challenged to 0.25% DNCB. Score 2
The above calculations demonstrate that the
groups, sides, treatments, days and the interac-
tion between groups and sides are significant at
the one per cent level.
The average ranks are tabulated below for each
group according to the side of the animal:
1.44
0.68
1.12
0.54
0.76
0.54
Obviously the average ranks for all groups ex-
cept the control group are greater for the non-
irradiated side (L) than the irradiated side (R).
In no instance is the score for the right side of the
test group as great as the right side of the control
groups (which was not irradiated). The smallest
average rank for radiated side (R) is 0.54 which
occurs for groups 3 and 5. The smallest average
rank for the non-irradiated side (L) is for group 3.
The similarity of the average ranks for the con-
trol group for the two sides, that is 1.44 and 1.46,
is remarkable.
When average scores are compared for each
challenging dose, the following is the result:
Animal
Group
This indicates that the increase in the average
ranks for each group corresponds to the increase
in doses in DNCB. This is expected. The lowest
value occurred in group 3 at the 0.1 per cent level
and highest at 0.5 per cent level in the Control
group.
INTERPRETATIONS
Exposure to threshold erythema doses of
TJ.V.L. of the wave length employed in this study
appears to result in a decrease in the intensity
and number of the erythema responses to DNCB
Animal RGroup
C
1
2
3
4
5
L
1.46
1.30
2.42
1.14
1.74
1.53
C 2.08
1 1.50
2 1.66
3 1.52
4 2.00
5 1.56
0.25%
1 .28
0.95
1.18
0.62
1.02
0.96
0.1%
1.00
0.53
0.68
0.38
0.73
0.58
•.:4t t
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in sensitized guinea-pigs. The responses of the
exposed skin areas were of shorter duration than
the unexposed sites. This inhibition in reactivity
bears no relation to the interval of time between
the IJ.V.L. exposure and the challenging pro-
cedure.
DISCUSSION
If one attempts to reflect upon the mechanism
by which U.V.L. inhibits allergic sensitization
reactions, there appear to be several possibilities.
They include:
1. Structural and biochemical changes in the
epidermis, especially the stratum corneum, which
may restrict absorption of the sensitizer when
applied as a challenge.
2. TJ.V.L. interferes with some aspects of the
mechanism of allergic sensitization: (a) conjuga-
tion of the sensitizer with protein; (b) production
of antibodies; (c) combination of antigen with
previously induced antibodies; (d) production of
the vasodilating substance which is responsible
for the visible erythema which in the described
experiment is the measuring stick of quantitat-
ing differences.
In this experiment we did not observe thicken-
ing of the stratum corneum and epidermis on the
side exposed to threshold dosage U.V.L.
In the light of what is known about the effect
of U.V.L. radiation on antibodies, one might
consider here the possible relative inactivation of
cell-borne antibodies in the skin. Since 1911 a
body of knowledge has been accumulated which
indicates that U.V.L. can destroy many char-
acteristic properties of immune sera which are
attributable to specific antibodies. These include
the ability to lyse, agglutinate, combine with
toxins, fix complement, precipitate and confer
passive anaphylaxis. Battisto et at. (2) found that
sera of rabbits immunized with ragweed pollen
extract, when radiated with a mercury0 vapor
lamp emitting predominantly at 2537 A, lost
much of their ability to precipitate, fix comple-
ment and passively transfer sensitivity to other
rabbits. However, their ability to transfer sensi-
tivity to guinea-pigs was unaffected. They also
found that human sera containing reagin to rag-
weed pollen lost its ability to transfer skin sensi-
tivity after irradiation for 12 hours.
The molecular dynamics of this inactivation by
T1.V.L. has been further studied by Kleczkowski
(3), who believed that the inactivation is due to
the formation of protein complexes between still
active antibodies and non-antibody serum pro-
teins. Although the U.V.L. in these instances
were of longer wave lengths than those we em-
ployed, and the immune system was that involv-
ing serum-borne antibodies, the general principle
of inactivation can perhaps be considered to be
applicable here. The guinea-pig epidermis and
stratum corneum is quite thin, and it is even
possible to speculate that the radiation reaches
the dermis in which the cellular antibodies of de-
layed hypersensitivity are found. At this point
in our studies it is only possible to speculate about
an explanation of the inhibition of the eliciting
reaction.
SUMMARY
Irradiation of guinea-pigs sensitized to DNCB,
with U.V.L. of 3100 A and shorter appear to
result in:
1. An over-all decrease in intensity of the
eliciting reactions in the irradiated sites as com-
pared with the non-irradiated sites. The dimin-
ished response was noted at all levels of test con-
centrations but was more dramatic and more
numerous at lower concentrations.
2. A shortening of the duration of visible re-
sponse to the challenging doses. Reactions at
non-exposed sites persisted up to five days. Many
reactions in the previously irradiated sites sub-
sided within twenty-four hours.
3. The inhibition in reactivity appeared to be
unrelated to the interval of time between the
TJ.V.L. exposure and the challenge.
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